Novae are certainly very exciting at the time of their eruptions, and there is much work left to be done in understanding all of the details of that part of their existence, but there is also much to be learned by looking at the systems decades, centuries, and even millennia after their peak. I give a brief overview of some of the history and motivation behind studying old novae and long-term nova evolution, and then focus on the state of the field today. Exciting new results are finally starting to shed some light on the secular behavior of post-nova systems, although as is often the case in astronomy, the observations are at times conflicting. As is always the case, we need more observations and better theoretical frameworks to truly understand the situation.
Introduction
Novae have been observed at least as far back as 134 B.C. (Fontanille 2007 ), and we continue to observe them and their kin-recurrent novae (RNe), dwarf novae (DNe), and the rest of the cataclysmic variables (CVs)-to this day. Just after discovery, near peak, and for the few weeks following peak, they are quite exciting and tend to receive a good amount of observational coverage from both amateur and professional astronomers. A month or two after peak, however, the number of observations decreases sharply, due to various reasons including limited telescope time and short attention spans among astronomers who understandably want to move on to the next exciting object. Because of this, the long-term, secular behavior of novae is poorly understood. In this conference review, I examine what little we know about novae in the decades, centuries, and millennia following their eruptions and describe efforts to remedy this lack of knowledge and understand how novae fit into the broader context of CV evolution in particular and binary evolution in general.
The First Decades
A classical nova (CN) occurs in a CV when enough accreted gas accumulates on the surface of the white dwarf (WD) that a critical temperature/pressure is reached and a thermonuclear runaway is ignited, causing a dramatic brightening of the system, which we see as a nova. Immediately after a nova eruption, two effects compete to affect the brightness of the system. These effects were quantified into the hibernation model originally proposed by Shara et al. (1986) to explain the low observed space-density of novae. Although more recent surveys seem to show that the low numbers of observed novae at the time may have been due to observational limitations and biases, (e.g. Gänsicke et al. 2009 ), the physical effects described by the hibernation model remain valid and should be investigated. There are two potent effects we must consider. First, the mass ejection during the nova eruption leads to an increase in the angular separation between the accreting WD and its companion star. This leads to a decrease in the accretion rate and therefore the brightness of the star, since the observed brightness is due predominantly to the accretion luminosity. The second effect is that the thermonuclear runaway on the surface of the WD greatly increases its temperature; the hot WD then irradiates the companion star. The companion in turn puffs up, overflows its Roche Lobe more than it was previously doing, and the accretion rate increases, causing the system to get brighter. So the two main observable consequences following a nova eruption act in opposite directions and potentially cancel each other out. The question is which effect dominates, and why. Schaefer & Collazzi (2010) obtained the pre-and post-eruption magnitudes of a sample of 25 classical and 6 recurrent novae using a combination of published literature magnitudes, archival plates, and amateur observations. Defining ∆m as the average difference between the pre-and post-eruption magnitude values for a given system, m pre − m post , they found ∆m avg = +0.16 mag and ∆m med = +0.13 mag, with σ = 0.42 mag for the 25 CNe with their 25 observed eruptions. Adding in the 6 RNe, for a total of 44 eruptions, they found ∆m avg = +0.03 mag and ∆m med = +0.03 mag, with σ = 0.43 mag. Both results are consistent with ∆m = 0, implying that the increase and decrease in the accretion rate after an eruption do in fact cancel each other out in most systems. A textbook example of this is QZ Aurigae, Nova Aurigae 1964, the pre-and post-eruption light curve of which can be seen in Figure 1 . QZ Aur has a ∆m avg ≈ 0.03 mag, essentially equal to zero. There are of course a few systems that do not follow the trend. Christened the V1500 Cyg Stars by Schaefer & Collazzi (2010) after their prototype system, these stars show large positive ∆m values years-to-decades after their eruptions have ended, i.e. they return to a quiescence that is brighter than their pre-eruption quiescence value. There are eight systems that fall in this category, with ∆m values ranging from 3.01 to > 4.96. The underlying physical mechanism causing this phenomenon is not well understood but it has been postulated that all of the systems are magnetic, either polars or intermediate polars. The magnetic field funnels the accreting material onto a small portion of the WD surface, leading to sustained nuclear burning, which irradiates the companion for a much longer time period than after a normal nova eruption and again causes an increase in the accretion rate and correspondingly the brightness of the system. This theory addresses the basics of the observations, but needs more thorough computational work to confirm its validity. Figure 2 . This average behavior, however, hides the unusual behavior of a few systems among the more vanilla ones, including novae that appear to have undergone state changes, as well as at least one system (Q Cygni) that is getting brighter on a secular timescale (Schaefer, private communication). The variety of behaviors seen when looking at even just a small number of systems indicates that a full survey is necessary to understand what is actually happening to post-nova CVs. I am embarking on a project to examine a much larger sample of post-nova systems in an attempt to obtain complete statistics on what novae do in the decades and centuries following their eruptions. I am working to combine historical magnitudes from archival plates and the published literature with a modern magnitude survey of all galactic novae. The bulk of the plate magnitudes will come from the collection of the Harvard College Observatory, which has ∼500,000 plates dating back to the 1890s and ranging from B=14 to B=18 in limiting magnitude. Although at this point, much of the work done using the Harvard plates must be completed by hand, the observatory has embarked on a scanning project known as DASCH (Digital Access to a Sky Century at Harvard) led by Josh Grindlay. Eventually, the entire plate collection will be scanned and available digitally, which should provide an efficient way to study the long-term behavior of many systems, including novae. , showing the location of the nova eruption. There are at least three stars equally near the middle of the identifying circle, any of which could be the quiescent counterpart of the nova, or the actual counterpart could be a fainter star that is not easily detected in this relatively shallow image. There are many nova systems with finder charts as (un)clear as this one, which necessitates photometric and spectroscopic follow-up to identify the proper counterpart before any information can be obtained about its secular brightness history.
Collazzi et al. (2009) and
One big challenge in this endeavor is identifying the quiescent counterpart of the nova eruption. Although the eruptions are bright and, after detection, easy to identify, once the systems have faded, it becomes much more difficult. The positions and finder charts given for novae are often unclear, with multiple stars, or none at all, visible at the marked location, an example of which can be seen in Figure 3 Deep, multi-color images of the fields are required first, to identify blue stars which are more likely to be CVs. If in fact hibernation is correct and most novae spend their decades post-eruption fading in brightness, the practice of identifying the counterparts is more challenging, because they are fainter than they were before the eruption, and will continue to fade. When imaging is not enough to identify post-eruption nova counterparts, spectroscopy is required as well. The team of Tappert, Schmidtobreick, Ederoclite, and Vogt is currently in the middle of a dedicated effort to identify the counterparts of old novae using a combination of photometry and spectroscopy. Tappert, Schmidtobreick, and Ederoclite also have papers in this proceedings, so I will leave the details of their work to them.
Figure 4:
The expected cycle of a CV both pre-and post-nova eruption according to the hibernation model. Before and after the nova, the system would be classified as a nova-like CV, with a high accretion rate but no known eruptions. As the accretion rate falls off post-eruption, the system transitions through a series of other types of CVs, from nova to nova-like to dwarfnova (perhaps multiple types of dwarf novae), before eventually settling into a state of hibernation in which the accretion essentially goes to zero. After a long period of time during which only gravitational radiation is actively moving the stars close together again, the companion once again overflows its Roche Lobe, accretion restarts at a low level, and the system moves up the left side of the figure, returning to dwarf nova and then nova-like states before likely undergoing another classical nova eruption tens of thousands of years after the first.
The Centuries to Millennia Following Eruption
In addition to the long-term fading of a post-nova system, another prediction of the hibernation model is that a system should undergo state changes, passing through various other types of CVs on its way into and out of hibernation (Shara et al. 1986 ). It is expected to be a cycle such as that depicted in Figure 4 , in which a system changes state as the accretion rate changes. Immediately post-eruption, the system should appear as a nova-like variable, eventually transitioning to a dwarf nova, and then finally going into hibernation proper when the accretion essentially stops. After a time period that could be on the order of thousands of years, gravitational radiation will grind down the system, return it to contact, and restart the accretion, propelling the system back through the cycle from dwarf nova to nova-like and eventually back to another nova eruption. This is another testable prediction of the hibernation theory. At this time, we have regular post-eruption observations of novae going only approximately one century past their eruptions, for old novae with good coverage on the Harvard plates. There are two systems in which both classical and dwarf nova eruptions have been observed. GK Persei (Nova Persei 1901) was the first system in which this behavior was observed, when dwarf nova eruptions began approximately 50 years after the CN eruption. The second system is V1017 Sagittarii, which was considered to be recurrent for many years, but upon closer examination it was realized that V1017 Sgr had a DN eruption first, in 1901, followed by a CN eruption in 1919, followed by future DN eruptions, starting back up again in 1973 (Webbink et al. 1987 ). This state change occurs on a much faster timescale than predicted by the hibernation model.
The century of data from Harvard is an excellent resource, but is not, however, the limit of how far forward-or backward, depending on your perspective-we can look. Thus far there are two systems currently known to be dwarf novae around which very old nova shells have been discovered. The first was Z Cam, 
Conclusion
With even just a small sample of post-eruption novae for which the long-term behavior has been studied, we see a wide variety of behaviors. Some novae fade, as predicted by the hibernation model; others brighten, in direct opposition to the theory. Some appear to stay at the same magnitude for many decades following their eruption; perhaps they will continue in this fashion, or perhaps a change will set in many years later. A number of systems have been seen to change states, from novae to dwarf novae, on time scales varying from approximately 50 years to approximately 2000 years. Taken all together, the lesson from this review is that the longterm behavior of post-eruption novae is poorly understood, and most certainly in need of more study, both observationally and theoretically.
have scanned plates that could fill more gaps. MARINA ORIO and RENE HUDEC made similar comments about smaller observatories including Asiago and Bamburg. RENE HUDEC also commented on his presentlyactive project to document what exists in current plate archives and help facilities get their collections scanned into a digitally-accessible form.
